The content of the alkaloid glaucine was evaluated in Glaucium flavum plants from seven localities along the Bulgarian Black sea coast during two consecutive years, in order to select those with highest glaucine content. Some fluctuations of glaucine content were observed during the two years, and in most of the localities the alkaloid was lower in 2015. Pomorie and Ahtopol maintained high percentages of glaucine in the dry plant material in the two investigated years, being 2.3% for Pomorie in 2014 and for Ahtopol in 2015. The lowest percentages of glaucine were recorded in the plant material from Shkorpilovtsi (0.9% and 0.6%, respectively in 2014 and 2015). Fluctuations in glaucine content were probably due to some abiotic factors as light, temperature, precipitation, soil substrate, salinity, etc.
Glaucium flavum Crantz. (yellow hornpoppy) is a medicinal plant from Papaveraceae family, which spreads along seacoast sands, shingle and rocky places [1a] , sometimes it grows inland in river valleys with sandy-pebble beds [1b] . Species' natural area of distribution is West and South Europe, Caucasus [1a] , and Scandinavian Peninsula [1c] . In Bulgaria the yellow hornpoppy is mainly distributed along the Black Sea coast.
G. flavum is a source of isoquinoline and morphinane alkaloids and the principal of them are glaucine, isocorydine, corydine, protopine, isoboldine, corunnine, chelidonine, sanguinarine, cataline, 7-oxoglausine, thaliporphine [2] . The major aporphine alkaloid glaucine (1) is used for preparation of medicines with antitussive activity, which efficacy is comparable to codeine, but glaucine does not cause the typical side effects of codeine such as addiction, constipation and respiratory depression [3] .
Plant resources are limited and the plant harvest is forbidden on the whole territory of Bulgaria on the strength of annual ordinance of the Ministry of Environment and Water, in compliance with the Medicinal Plants Act (2000) . Previous studies revealed differences in the alkaloid content of several Bulgarian populations [2c], however, data actualization is needed, and moreover some localities were no more confirmed during the last years. Our previous research concerning four Bulgarian localities in 2013, also ascertained differences in their glaucine content [4] .
The present study aimed to determine and evaluate in two consecutive years the glaucine content in G. flavum plants growing in different localities along the Bulgarian Black sea coast, and to specify the localities with the highest glaucine content. Seeds from them could be further used for in vitro cultures initiation and multiplication of high yielded glaucine plants.
The values of glaucine content of the plant material collected from five of the investigated localities during 2014 were comparable, being about 2%, ( Table 1) . The other two localities, near Skorpilovtsi and Durankulak, distinguished as their glaucine contents were twice and more lower than the average for that year. The values of glaucine quantity of 2015 could be divided into three groups regarding glaucine content in the dry plant material: lowest Some fluctuations have been observed comparing glaucine content in the plants from the investigated localities during the two years. In most of them the alkaloid was lower in 2015, as well as the crude alkaloid mixture (CAM). An exception was the locality of Ahtopol. The lowest percentages of glaucine were recorded in the plant material from Shkorpilovtsi (0.9% and 0.6%, respectively in 2014 and 2015). These results complemented and confirmed our first data concerning Shkorpilovtsi locality [4] . In this locality glaucine is not the prevailing alkaloid, its quantity is almost twice less of the main alkaloid isocorydine [5] . The dry plant material from Pomorie and Ahtopol maintained high percentages of glaucine in the two investigated years, being 2.3% for Pomorie in 2014 and for Ahtopol in 2015. These values were much higher than previously reported data for the two localities [2c].
Variations in concentration of glaucine in G. flavum were observed also among four Israeli populations (from 36% to lack of glaucine) [6] . Fluctuations of the alkaloids composition and content were observed in other species of the family, as well. In Papaver somniferum, for example, morphine content in different countries varied between 3 and 30% [7a] . Variations in alkaloid content and accumulation could be caused by a complex of ecophysiological factors: light intensity and duration [7a] , temperature and its interaction with light [7b], water supply, salt stress [6] , macro-and micronutrients [7c], pH of the soil, fertilizer supply, altitude etc., but their impact is depending on the species and the chemotypes. In G. flavum alkaloids' content was found to depend on Ni and K concentrations in plants [7c] . Alkaloids synthesis and accumulation were improved at Ni and K suboptimal concentrations, otherwise they inhibited these processes. In the case of P. somniferum, the total alkaloids accumulation increased under tropical conditions (short day with high light intensity) and in all ecotypes morphine content became higher [7b].
In conclusion, glaucine amount in the crude alkaloid mixtures of the investigated Glaucium flavum localities varied during the two examined years, although the ratio of the alkaloids remained similar. Fluctuations in glaucine content values were probably due to some abiotic factors as light, temperature, precipitation, soil substrate, salinity, etc., following the localities microclimatic conditions. More investigations are required to find out the factors that influence glaucine biosynthesis, accumulation and proportion in the total alkaloid content in plants.
Experimental
Plant material: The plant material of yellow hornpoppy was collected during the mass blooming stage in July 2014 and in July 2015 from seven localities of the species scattered along the entire Bulgarian Black Seacoast -Durankulak, Shabla, Shkorpilovtsi, Varvara, Ahtopol, and Sinemorets villages (Table 1) . Locality plant samples were gathered consisting of the aboveground part.
Crude alkaloid mixture isolation: The air-dried and ground plant material (Table 1 ) was exhaustively extracted in Soxhlet apparatus with 200 ml 96% ethanol. Concentrated ethanol extracts were acidified with 3% HCl and left in dark for 24 hours. The acidified and filtered solution was subjected to three times petroleum ether extraction. Thus purified acidic solution was alkalized with NH 4 OH (pH 9-10) and then extracted five times with CH 2 Cl 2. The combined CH 2 Cl 2 extracts were dried over anhydrous Na 2 SO 4 , filtered and then evaporated under reduced pressure to give crude mixtures of alkaloids.
Glaucine determination: 15 mg of each crude alkaloid mixture were dissolved in 0,7 ml CHCl 3 and 0.1 ml MeOH. 3 µl from sample were applied three times to DC Alufolien Kieselgel 60 F 254 (Merck) and the sheets were developed with solvent system petroleum:CHCl 3 :Me 2 CO:MeOH (4:4:1:1). The spots were visualized by spraying with Dragendorff's reagent. Glaucine percentages in crude alkaloid mixtures were quantified using QuantiScan ® densitometry program (Biosoft, Cambridge, UK) as mean values.
